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1
ENCODER INCLUDING DETECTOR FOR
READING SIGNAL AND OUTPUTTING
N-PHASE SINUSOIDAL SIGNALS AND
COMPUTING PART FOR OUTPUTTING
TWO-PHASE SINUSOIDAL SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2012-159302,
filed on Jul. 18, 2012, the entire contents of which are incor-
porated herein by reference.

BACKGROUND

1. Field of the Invention

The present invention relates to an encoder.

2. Description of the Related Art

An optical encoder often uses a technique for acquiring
waveforms of an A phase and a B phase from a four-phase
sinusoidal wave and detecting a position based on Lissajous’
curves obtained by drawing these waveforms. In the Lissa-
jous’ curves obtained by this technique, a problem of causing
aposition error due to harmonics of the third order or more is
known.

As atechnique for reducing the position error, for example,
a technique for suppressing harmonics of the third order or
more by optically filtering a component of the harmonics has
already been proposed (JP-A-2007-248302).

Also, as another technique, a technique (JP-A-2010-
216961) for geometrically analyzing and removing a compo-
nent of harmonics has been proposed. In this technique, the
harmonics of the third order or more can efficiently be
removed by performing computation by a computing circuit.

However, the inventor found that the techniques described
above had the following problems. In the technique described
in JP-A-2007-248302, an influence of high-order harmonics
already included in a signal is reduced. As a result, the influ-
ence of harmonics of the third order or more remains to some
extent.

Also, the technique described in JP-A-2010-216961
requires complicated computation, so that a sophisticated
computing circuit is required. Further, a delay is caused by
computation time, so that a situation in which variations in
harmonics cannot be followed and an influence of the har-
monics cannot be removed occurs.

As described above, the techniques described above cannot
implement an encoder capable of efficiently removing an
influence of harmonics of the third order or more while fol-
lowing variations in the harmonics of the third order or more.

SUMMARY

An encoder which is a first aspect of the invention is the
encoder including: a detector configured to read a signal from
a scale and output N-phase sinusoidal signals in which
respective phases of fundamental waves differ by 2t/N (N is
an integer more than or equal to 5); and a computing part
configured to output a two-phase sinusoidal signal including
an A phase and a B phase according to each of the N-phase
sinusoidal signals, wherein the A phase and the B phase are
expressed by the following Formula (1) in the case where m is
an integer more than or equal to 0 and less than or equal to
N-1, and i is an imaginary unit, and S, is a sinusoidal
signal of the mth phase of the N-phase sinusoidal wave.
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[Mathematical Formula 1]

N-1

Z S (_Zn-m]
2mm/NCXP| 2 N

m=0

N-1 Iem
B=I Soram i
w3 Ssmvere(i

(69)
A=Re

In the encoder described above, an encoder which is a
second aspect of the invention is the encoder wherein a sinu-
soidal signal S, ., ,»-0f the mth phase of the N-phase sinusoi-
dal wave is expressed by the following Formula (2) in the case
where an amplitude of an nth-order wave (n is an integer more
than or equal to 1 and less than or equal to N) included in the
N-phase sinusoidal signal is C,, and the highest order of
high-order harmonics is h (h is a positive integer), and a
distance corresponding to a repeat period of the scaleis L, and
an initial phase of the nth-order wave is 6,,, and noise is D.

[Mathematical Formula 2]

A (2nn-x  2nm-m
Spamin = Y Gosio 225 - 22

n=1

@

In the encoder described above, an encoder which is a third
aspect of the invention is the encoder wherein N>h+2 is
satisfied in the Formula (2).

In the encoder described above, an encoder which is a
fourth aspect of the invention is the encoder wherein the
N-phase sinusoidal signal is an eight-phase sinusoidal signal
including first to eighth sinusoidal signals, and the second to
eighth sinusoidal signals respectively correspond to the cases
ofm=0to 7.

In the encoder described above, an encoder which is a fifth
aspect of the invention is the encoder wherein the computing
part includes a first subtractor configured to output a signal in
which a second signal is subtracted from a first signal; a
second subtractor configured to output a signal in which the
second signal is subtracted from a third signal; a third sub-
tractor configured to output a signal in which a fourth signal
is subtracted from the third signal; a fourth subtractor config-
ured to output a signal in which the fourth signal is subtracted
from the first signal; a first adder configured to add the first
sinusoidal signal to an output signal of the first subtractor; a
second adder configured to add the third sinusoidal signal to
an output signal of the second subtractor; a third adder con-
figured to add the fifth sinusoidal signal to an output signal of
the third subtractor; a fourth adder configured to add the
seventh sinusoidal signal to an output signal of the fourth
subtractor; a fifth subtractor configured to output a signal in
which an output signal of the third adder is subtracted from an
output signal of the first adder as the A phase; and a sixth
subtractor configured to output a signal in which an output
signal of the fourth adder is subtracted from an output signal
of'the second adder as the B phase.

In the encoder described above, an encoder which is a sixth
aspect of the invention is the encoder wherein an amplitude of
each of the first to eighth sinusoidal signals is the same, and
the first signal is a signal in which the second sinusoidal signal
is multiplied by V2/2, and the second signal is a signal in
which the fourth sinusoidal signal is multiplied by V2/2, and
the third signal is a signal in which the sixth sinusoidal signal
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is multiplied by V2/2, and the fourth signal is a signal in which
the eighth sinusoidal signal is multiplied by v2/2.

In the encoder described above, an encoder which is a
seventh aspect of the invention is the encoder wherein the
computing part further includes a first amplifier configured to
output a signal in which the second sinusoidal signal is mul-
tiplied by V2/2 as the first signal; a second amplifier config-
ured to output a signal in which the fourth sinusoidal signal is
multiplied by V2/2 as the second signal; a third amplifier
configured to output a signal in which the sixth sinusoidal
signal is multiplied by V2/2 as the third signal; and a fourth
amplifier configured to output a signal in which the eighth
sinusoidal signal is multiplied by V2/2 as the fourth signal.

In the encoder described above, an encoder which is an
eighth aspect of the invention is the encoder wherein ampli-
tudes of the second, fourth, sixth and eighth sinusoidal signals
are V2/2 time amplitudes of the first, third, fifth and seventh
sinusoidal signals, and the first signal is the second sinusoidal
signal, and the second signal is the fourth sinusoidal signal,
and the third signal is the sixth sinusoidal signal, and the
fourth signal is the eighth sinusoidal signal.

In the encoder described above, an encoder which is a ninth
aspect of the invention is the encoder wherein the detector
includes one or plural detection regions in which a length in a
first direction which is a direction of movement of the detec-
tor is equal to a length of one period of the scale, and the
detection region includes first to eighth detecting elements
configured to respectively output the first to eighth sinusoidal
signals according to a signal from the scale.

In the encoder described above, an encoder which is a tenth
aspect of the invention is the encoder wherein the first to
eighth detecting elements respectively output the first to
eighth sinusoidal signals having amplitudes according to
areas of the first to eighth detecting elements, and the first to
eighth detecting elements have the same area.

In the encoder described above, an encoder which is an
eleventh aspect of the invention is the encoder wherein the
first to eighth detecting elements have the same rectangular
shape.

In the encoder described above, an encoder which is a
twelfth aspect of the invention is the encoder wherein the first
to eighth detecting elements are arranged in the first direction.

In the encoder described above, an encoder which is a
thirteenth aspect of the invention is the encoder wherein the
detection region includes a first line in which the first, third,
fifth and seventh detecting elements are arranged in the first
direction, and a second line in which the second, fourth, sixth
and eighth detecting elements are arranged in the first direc-
tion, the second line adjacent to the first line in a second
direction orthogonal to the first direction, and the first line and
the second line are arranged with the first line shifted from the
second line by %2 the width of each of the first to eighth
detecting elements in the first direction.

In the encoder described above, an encoder which is a
fourteenth aspect of the invention is the encoder wherein the
detector includes one or plural detection regions in which a
length in a first direction which is a direction of movement of
the detector is equal to a length of one period of the scale, and
the detection region includes first to eighth detecting ele-
ments configured to respectively output the first to eighth
sinusoidal signals according to a signal from the scale.

In the encoder described above, an encoder which is a
fifteenth aspect of the invention is the encoder wherein the
first to eighth detecting elements respectively output the first
to eighth sinusoidal signals having amplitudes according to
areas of'the first to eighth detecting elements, and the areas of
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the second, fourth, sixth and eighth detecting elements are
V2/2 time the areas of the first, third, fifth and seventh detect-
ing elements.

In the encoder described above, an encoder which is a
sixteenth aspect of the invention is the encoder wherein the
first to eighth detecting elements are arranged in the first
direction.

In the encoder described above, an encoder which is a
seventeenth aspect of the invention is the encoder wherein
widths of the second, fourth, sixth and eighth detecting ele-
ments in the first direction are V2/2 time widths of the first,
third, fifth and seventh detecting elements in the first direc-
tion, and heights of the first to eighth detecting elements in a
second direction orthogonal to the first direction are equal.

In the encoder described above, an encoder which is an
eighteenth aspect of the invention is the encoder wherein
heights of the second, fourth, sixth and eighth detecting ele-
ments in a second direction orthogonal to the first direction
are V2/2 time heights of the first, third, fifth and seventh
detecting elements in the second direction, and widths of the
first to eighth detecting elements in the first direction are
equal.

In the encoder described above, an encoder which is a
nineteenth aspect of the invention is the encoder wherein the
detection region includes a first line in which the first, third,
fifth and seventh detecting elements are arranged in the first
direction, and a second line in which the second, fourth, sixth
and eighth detecting elements are arranged in the first direc-
tion, the second line adjacent to the first line in the second
direction, and the first line and the second line are arranged
with the first line shifted from the second line by % the width
of each of the first to eighth detecting elements in the first
direction.

In the encoder described above, an encoder which is a
twentieth aspect of the invention is the encoder wherein the
first to eighth detecting elements are light receiving elements
configured to output signals in which light reflected by the
scale is photoelectrically converted as the first to eighth sinu-
soidal signals, respectively.

In the encoder described above, an encoder which is a
twenty-first aspect of the invention is the encoder wherein the
first to eighth detecting elements output the first to eighth
sinusoidal signals by an electrostatic capacitance method or
an electromagnetic induction method, respectively.

According to the invention, an encoder capable of effi-
ciently removing an influence of high-order harmonics by a
simple configuration can be provided.

The above and other objects, features and merits of the
invention will be more completely understood from the fol-
lowing detailed description and the accompanying drawings.

The accompanying drawings are shown only for illustra-
tion, and the invention is not limited.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawing which is given by way of illustration
only, and thus is not limitative of the present invention and
wherein:

FIG. 1 is a block diagram schematically showing a con-
figuration of an encoder 100 according to a first embodiment;

FIG. 2 is a perspective view schematically showing an
aspect of a scale 10 and a light receiving part 101;

FIG. 3 is a block diagram schematically showing a con-
figuration of the light receiving part 101;
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FIG. 4 is a block diagram schematically showing a con-
figuration of a computing part 102;

FIG. 5 is a block diagram schematically showing a con-
figuration of an encoder 200 according to a second embodi-
ment;

FIG. 6 is a block diagram schematically showing a con-
figuration of a light receiving part 201;

FIG. 7 is a block diagram schematically showing a con-
figuration of a computing part 202;

FIG. 8 is a circuit diagram concretely showing a configu-
ration of the computing part 202;

FIG.9is a block diagram showing a configuration of a light
receiving part 201a which is a modified example of the light
receiving part 201;

FIG. 10 is s a block diagram showing a configuration of a
light receiving part 2015 which is another modified example
of the light receiving part 201;

FIG. 11 is a block diagram schematically showing a con-
figuration of a light receiving part 301 which is a configura-
tion example of a light receiving part according to a third
embodiment;

FIG. 12 is a block diagram schematically showing a con-
figuration of a light receiving part 401 which is a configura-
tion example of a light receiving part according to a fourth
embodiment;

FIG. 13 is a block diagram showing a configuration of a
light receiving part 401a which is a modified example of the
light receiving part 401;

FIG. 14 is a block diagram showing a configuration of a
light receiving part 4015 which is a modified example of the
light receiving part 401a; and

FIG. 15 is a block diagram showing a configuration of a
light receiving part 401¢ which is another modified example
of the light receiving part 401a.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the invention will hereinafter be
described with reference to the drawings. In each of the draw-
ings, the same numerals are assigned to the same compo-
nents, and the overlap description is omitted as necessary.

First Embodiment

First, an encoder 100 according to a first embodiment will
be described. The encoder 100 is configured as a linear
encoder capable of performing computation on an N-phase
sinusoidal wave and obtaining a two-phase sinusoidal wave
without including a third-order harmonic component. FIG. 1
is a block diagram schematically showing a configuration of
the encoder 100 according to the first embodiment. The
encoder 100 has a light receiving part 101 and a computing
part 102. The encoder 100 acquires the N-phase sinusoidal
wave by receiving reflected light of light with which a scale
10 is irradiated. Hereinafter, the case of using N=8, that is, an
eight-phase sinusoidal wave will be described by way of
example.

The light receiving part 101 reads a pattern of the scale 10,
and outputs a read result as an eight-phase sinusoidal signal.
That is, the light receiving part 101 has a function as a detector
for reading a signal (reflected light) from the scale 10 in the
encoder 100 and outputting the read result as the eight-phase
sinusoidal signal. Hereinafter, the light receiving part shall
function as the detector of the encoder similarly.

FIG. 2 is a perspective view schematically showing an
aspect of the scale 10 and the light receiving part 101. As
shown in FIG. 2, the scale 10 is a striped pattern of light and
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dark of, for example, a period L. The light receiving part 101
is configured as, for example, a photo detector array (herein-
after called a PDA) in which N light receiving elements are
arranged every period L. of the scale 10 in a pattern repeat
direction of the scale 10. Each width of the light receiving
element in the pattern repeat direction of the scale 10 is L/N.

FIG. 3 is a block diagram schematically showing a con-
figuration of the light receiving part 101. In the light receiving
part 101, regions 110 in which eight light receiving elements
111 to 118 are arranged are repeatedly arranged. A length of
the region 110 in the pattern repeat direction of the scale 10 is
equal to the period L of the scale 10. Hence, widths ofthe light
receiving elements 111 to 118 respectively become L/8. The
eight light receiving elements 111 to 118 arranged sequen-
tially output eight-phase sinusoidal signals corresponding to
an o.phase, a £ phase, a § phase, a 1 phase, an o* phase, a £*
phase, a p* phase and a *phase, respectively. In other words,
the light receiving elements 111 to 118 function as detecting
elements of the light receiving part 101 which is the detector.
Hereinafter, the light receiving element shall function as the
detecting element of the detector similarly.

The computing part 102 performs computation on the
eight-phase sinusoidal signal outputted from the light receiv-
ing part 101, and calculates a two-phase sinusoidal wave.

Here, computation by the computing part 102 will be
described. In the encoder for outputting an N-phase sinusoi-
dal wave (N is any integer more than or equal to 2), funda-
mental phases of the N-phase sinusoidal waves respectively
differ by 27/N. That is, the fundamental phases of the N-phase
sinusoidal waves are expressed as 2-m/N (where m is an
integer more than or equal to 0 and less than or equal to N-1).
At this time, the N-phase sinusoidal wave is expressed by the
following Formula (3). In addition, Formula (1) considers a
third-order harmonic component (the second term of the right
side) and an influence (the third term of the right side) of
common noise.

[Mathematical Formula 3]

2m-x  2m-m o -m 3)

L (bm-x
+01]+C3Slﬂ( -
L N

Sowmn = Ci8i
21m/N 1Slﬂ( I I

+03]+D

In Formula (3), C, is an amplitude of a fundamental wave,
and C, is an amplitude of a third-order harmonic, and 8, is an
initial phase of the fundamental wave, and 65 is an initial
phase of the third-order harmonic, and D is common noise.

In the encoder for outputting the N-phase sinusoidal wave
at this time, Lissajous’ curves z,, are expressed by Formula
(4) in a complex plane.

[Mathematical Formula 4]

N-1 rem
w = Z Sz,r_m/Nexp(i ~ )

m=0

@)

Hence, an A phase and a B phase derived from the Lissa-
jous’ curves are expressed by Formula (5). At this time, third-
order harmonics are canceled and are not outputted under
condition of N>5.
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[Mathematical Formula 5]

N-1 (©)]
27-m
A=R Sonm i
o Smvess(i=" )
= 2r-m
B =1Im| 2 Sz,,_m/Nexp(l N )

When Formula (3) is applied to the encoder 100 for out-
putting the eight-phase sinusoidal waves, the respective
eight-phase sinusoidal waves (o, 8, &, a*, *, £*, n*) are
expressed by Formulas (6) to (13).

[Mathematical Formula 6]

(27-x L (6m-x (6)
w}fﬁ:Sozclsm( +01]+C3sm( +03]+D
L L

(2nx @ C(br-x 3w (7

f@:sﬂ/4:C151{ 7 —Z+01]+C381n( 7 _Z+03]+D
f2nx 7w L (6m-x  3rm (8)

BHE - Sﬂ/zzclsm( T —§+01]+C3sm( 7 —7+03)+D
37 1% )

S =C ‘n(Zﬂ-x +0]+C ‘n(6ﬂ'x +0]+D
T)*fﬁ- 3nj4 = L SL 2 —? 1 381 2 —? 3

Y . (2m-x . (6m-x (10)
o fE S,rzclsm( 7 —7r+01)+C3sm( 7 —37r+03)+D
EAB: Ssau = (11
C(2n-x 5w L (6r-x  15m
Clsm( T —Z+01]+C3sm( T _T+03)+D
BHE: Syp = (12)
c ‘n(Zﬂ-x 3n 0) c ‘n(67r-x I 0) D
isin| —— = = 40y |+ Cysin| —— - +65 ]+
7AR S = 4

Cosi 2n-x 77r+0 +Casi 67X 217r+0 D
lsm( - 1) 35111( o 3]

Four-phase sinusoidal waves (a, b, a*, b*) compatible with
the conventional art can be obtained by performing compu-
tations shown in the following Formulas (14) to (17) on the
eight-phase sinusoidal waves outputted from the encoder
100. At this time, third-order harmonic components can be
canceled.

[Mathematical Formula 7]

) (14)
a=a+ ﬁ(f"])zzclsiﬂ(br . +91]+D
P L
) (15)
b=B+ ﬁ(f—ﬁ) = —2C1<:os(27r i +91)+D
P L
) (16)
& =a+ E(E—ﬁ): —chsiﬂ(br . +91)+D
P L
) 17
v =B+ g(é—n)=2qcos(2’;x+01]+D

Also, two-phase sinusoidal waves (A, B) obtained by dif-
ferentially amplifying the four-phase sinusoidal waves shown
in Formulas (14) to (17) are expressed by the following For-
mulas (18) and (19).
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[Mathematical Formula 8]

X

(2 (13)
A=a-a" :4C151n(
L

+01)

X
+01]

on 1
B=b-b"= —4C1cos( 3 19

Accordingly, an influence of common noise is also can-
celed. It can be understood that the two-phase sinusoidal
waves (A phase, B phase) in which the third-order harmonics
and the influence of common noise are removed can be
obtained by performing the above computations on the eight-
phase sinusoidal waves.

The computing part 102 is constructed so that computa-
tions shown in Formulas (14) to (19) can be performed. FIG.
4 is a block diagram schematically showing a configuration of
the computing part 102. The computing part 102 has ampli-
fiers 11 to 14, subtractors 21 to 24, 41 and 42, and adders 31
to 34.

The amplifiers 11 to 14 respectively amplify amplitudes of
a € phase, am phase, a £* phase and a n* phase by V2/2 time.
The & phase (V2/2) amplified by the amplifier 11 is outputted
to the subtractors 21 and 24. The m phase (V2/21) amplified
by the amplifier 12 is outputted to the subtractors 21 and 22.
The £* phase (V2/2E*) amplified by the amplifier 13 is out-
putted to the subtractors 22 and 23. The n* phase (V2/2n*)
amplified by the amplifier 14 is outputted to the subtractors 23
and 24.

The subtractor 21 subtracts the i phase (vV2/2n) amplified
by the amplifier 12 from the £ phase (V2/2E) amplified by the
amplifier 11. A result subtracted by the subtractor 21 is out-
putted to the adder 31. The subtractor 22 subtracts the n) phase
(V2/2v) amplified by the amplifier 12 from the £* phase
(V2/2E*) amplified by the amplifier 13. A result subtracted by
the subtractor 22 is outputted to the adder 32. The subtractor
23 subtracts the n* phase (V2/2n*) amplified by the amplifier
14 from the £* phase (V2/2£*) amplified by the amplifier 13.
A result subtracted by the subtractor 23 is outputted to the
adder 33. The subtractor 24 subtracts the n* phase (V2/2n*)
amplified by the amplifier 14 from the £ phase (V2/2E) ampli-
fied by the amplifier 11. A result subtracted by the subtractor
24 is outputted to the adder 34.

The adder 31 adds an a phase to the result subtracted by the
subtractor 21. That is, the adder 31 performs computation
shown in Formula (14) described above. A result added by the
adder 31 is outputted to the subtractor 41 as an a phase shown
in Formula (14). The adder 32 adds a * phase to the result
subtracted by the subtractor 22. That is, the adder 32 performs
computation shown in Formula (17) described above. A result
added by the adder 32 is outputted to the subtractor 42 as a b*
phase shown in Formula (17). The adder 33 adds an a* phase
to the result subtracted by the subtractor 23. That is, the adder
33 performs computation shown in Formula (16) described
above. A result added by the adder 33 is outputted to the
subtractor 41 as an a* phase shown in Formula (16). The
adder 34 adds a § phase to the result subtracted by the sub-
tractor 24. That is, the adder 34 performs computation shown
in Formula (15) described above. A result added by the adder
34 is outputted to the subtractor 42 as a b phase shown in
Formula (15).

The subtractor 41 subtracts the added result (a* phase) of
the adder 33 from the added result (a phase) of the adder 31.
That is, the subtractor 41 performs computation shown in
Formula (18) described above. A result subtracted by the
subtractor 41 is outputted as an A phase shown in Formula
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(18). The subtractor 42 subtracts the added result (b* phase)
of'the adder 32 from the added result (b phase) of the adder 34.
That is, the subtractor 42 performs computation shown in
Formula (19) described above. A result subtracted by the
subtractor 42 is outputted as a B phase shown in Formula (19).

As described above, the computing part 102 performs the
computations shown in Formulas (14) to (19) on the eight-
phase sinusoidal waves shown in Formulas (6) to (13).
Accordingly, third-order harmonic components can be
removed by the computations shown in Formulas (14) to (17)
respectively performed by the adders 31 to 34. Hence, accord-
ing to the encoder 100, the two-phase sinusoidal waves (A
phase, B phase) in which the third-order harmonics and the
influence of common noise are removed can be obtained.

According to the present configuration as described above,
the encoder capable of obtaining the two-phase sinusoidal
waves (A phase and B phase) without including the third-
order harmonic components by performing computations on
the eight-phase sinusoidal waves can be implemented.

Second Embodiment

Next, an encoder 200 according to a second embodiment
will be described. The encoder 200 is a modified example of
the encoder 100 according to the first embodiment. FIG. 5 is
ablock diagram schematically showing a configuration of the
encoder 200 according to the second embodiment. The
encoder 200 has a configuration in which the light receiving
part 101 and the computing part 102 of the encoder 100 are
respectively replaced with a light receiving part 201 and a
computing part 202.

Like the light receiving part 101, the light receiving part
201 reads a pattern of a scale 10, and outputs a read result as
an eight-phase sinusoidal signal. FIG. 6 is a block diagram
schematically showing a configuration of the light receiving
part 201. In the light receiving part 201, regions 210 in which
eight light receiving elements 211 to 218 are arranged are
repeatedly arranged. A length of the region 210 in a pattern
repeat direction of the scale 10 is equal to a period L of the
scale 10. The eight light receiving elements 211 to 218
arranged sequentially output eight-phase sinusoidal signals
corresponding to an o phase, a § phase, a (3 phase, a 1) phase,
an o* phase, a £* phase, a §* phase and a n* phase, respec-
tively.

However, widths w1 of the light receiving elements 211 (.
phase), 213 (P phase), 215 (a* phase) and 217 (§* phase) are
larger than widths w2 of the light receiving elements 212 (§
phase), 214 (1 phase), 216 (5* phase) and 218 (n* phase).
Concretely, in the present embodiment, w2/wl=vV2/2 is
obtained.

In other words, areas S2 ofthe light receiving elements 212
(& phase), 214 (1] phase), 216 (5* phase) and 218 (n* phase)
are V2/2 time areas S1 of the light receiving elements 211 (o
phase), 213 (P phase), 215 (a* phase) and 217 (§* phase).
Hence, the light receiving part 201 can obtain S2/S1=V2/2 by
changing the widths of the light receiving elements. Accord-
ingly, amplitudes of the £ phase, the ) phase, the £* phase and
the n* phase are v2/2 time amplitudes of the o phase, the 3
phase, the a* phase and the p* phase.

FIG. 7 is a block diagram schematically showing a con-
figuration of the computing part 202. The computing part 202
has a configuration in which the amplifiers 11 to 14 of the
computing part 102 are eliminated. Also, input signals &, 7,
E* m* in the computing part 102 correspond to V2/2E,v2/2n,
V2/2E*,¥2/2n* in the computing part 202. Since the other
configuration of the computing part 202 is similar to that of
the computing part 102, description is omitted.
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In the present configuration, amplifiers for amplifying the
&, phase, the 1 phase, the £* phase and the n* phase by v2/2
time are eliminated. However, the £ phase, the 1 phase, the £*
phase and the n* phase are already amplified by V2/2 time by
the light receiving part 201. Hence, the computing part 202
can perform computation processing similar to that of the
computing part 102.

FIG. 8 is a circuit diagram concretely showing a configu-
ration of the computing part 202. Subtractors 21 to 24 respec-
tively have first to fourth resistors R1 and amplifiers AMP.
Non-inverting input terminals of the subtractors 21 to 24 are
connected to non-inverting input terminals of the amplifiers
AMP through the first resistors R1. Inverting input terminals
of the subtractors 21 to 24 are connected to inverting input
terminals of the amplifiers AMP through the second resistors
R1. Also, the inverting input terminals of the amplifiers AMP
are connected to output terminals of the amplifiers AMP
through the third resistors R1. The non-inverting input termi-
nals of the amplifiers AMP are connected to grounds through
the fourth resistors R1.

Adders 31 to 34 respectively have first to third resistors R2
and amplifiers AMP. One input terminals of the adders 31 to
34 are connected to inverting input terminals of the amplifiers
AMP through the first resistors R2. The other input terminals
of the adders 31 to 34 are connected to the inverting input
terminals of the amplifiers AMP through the second resistors
R2. Also, the inverting input terminals of the amplifiers AMP
are connected to output terminals of the amplifiers AMP
through the third resistors R2. Non-inverting input terminals
of the amplifiers AMP are connected to grounds.

Subtractors 41 and 42 respectively have first to fourth
resistors R3 and amplifiers AMP. Since the subtractors 41 and
42 have configurations similar to those of the subtractors 21 to
24 except that the first to fourth resistors R1 are changed into
the first to fourth resistors R3, description is omitted.

Hence, according to the present configuration, an encoder
having a function similar to that of the encoder 100 according
to the first embodiment can be implemented. Also, according
to the present configuration, the amplifiers of the computing
part can be eliminated, so that a circuit size of the computing
part can be reduced. As a result, according to the present
configuration, a smaller encoder can be obtained.

In addition, the light receiving part 201 described above is
illustrative, and the light receiving part can also have another
configuration. FIG. 9 is s a block diagram showing a configu-
ration of a light receiving part 201a which is a modified
example of the light receiving part 201. In the light receiving
part 201a, regions 210qg in which eight light receiving ele-
ments 211a to 218a are arranged are repeatedly arranged. A
length of the region 210q in a pattern repeat direction of a
scale 10 is equal to a period L of the scale 10. The eight light
receiving elements 2114 to 218q arranged sequentially output
eight-phase sinusoidal signals corresponding to an o phase, a
& phase, a 3 phase, a 1 phase, an o* phase, a £* phase, a §*
phase and a n* phase, respectively.

However, heights hl of the light receiving elements 211a
(o phase), 213a (f phase), 215a (o* phase) and 217a (p*
phase) are larger than heights h2 of the light receiving ele-
ments 212a (§ phase), 214a (1) phase), 216a (E* phase) and
218a (n* phase). Concretely, in the present embodiment,
h2/h1=V2/2 is obtained. In addition, all the light receiving
elements 211a to 2184 have the same width.

In other words, areas S2 of the light receiving elements
212a (§ phase), 214a () phase), 216a (£* phase) and 218a (1*
phase) are V2/2 time areas S1 of the light receiving elements
211a (a phase), 213a (f phase), 215a (o* phase) and 217a
(P* phase). Hence, the light receiving part 201a can obtain



US 9,329,056 B2

11

S2/S1=V2/2 by changing the heights of the light receiving
elements. Accordingly, like the light receiving part 201,
amplitudes of the & phase, the m| phase, the £* phase and the
M* phase can be set atV2/2 time amplitudes of the o. phase, the
[ phase, the a* phase and the * phase.

Hence, an encoder having a function similar to that of the
encoder 200 can be implemented by using the light receiving
part 201a instead of the light receiving part 201.

FIG. 10 is s a block diagram showing a configuration of a
light receiving part 2015 which is another modified example
of'the light receiving part 201. In the light receiving part 2015,
regions 2105 in which eight light receiving elements 2115 to
218b are arranged are repeatedly arranged. A length of the
region 21054 in a pattern repeat direction of a scale 10 is equal
to a period L of the scale 10. The eight light receiving ele-
ments 2115 to 2186 arranged sequentially output eight-phase
sinusoidal signals corresponding to an o phase, a § phase, a §
phase, am phase, an o* phase, a £* phase, a §* phase and an*
phase, respectively.

However, widths w1 and heights h1 of the light receiving
elements 2115 (o phase), 21356 (P phase), 2155 (o* phase)
and 2175 (p* phase) are larger than widths w2 and heights h2
of the light receiving elements 21256 (& phase), 2145 (n
phase), 2165 (£* phase) and 218b (n* phase). Concretely, in
the present embodiment, w2/w1=v2/2) and h2/h1=V(V2/2)
are obtained.

In other words, areas S2 of the light receiving elements
212b (§ phase), 2145 () phase), 2165 (E* phase) and 2185 (n*
phase) are V2/2 time areas S1 of the light receiving elements
2115 (a phase), 2135 (f phase), 2155 (o* phase) and 217b
(p* phase). Hence, the light receiving part 2015 can obtain
S2/S1=V2/2 by changing the widths and the heights of the
light receiving elements. Accordingly, like the light receiving
part 201, amplitudes of the & phase, the 1 phase, the £* phase
and the n* phase can be set at v2/2 time amplitudes of the o
phase, the § phase, the a* phase and the p* phase.

Hence, an encoder having a function similar to that of the
encoder 200 can be implemented by using the light receiving
part 2015 instead of the light receiving part 201.

Third Embodiment

Next, an encoder according to a third embodiment will be
described. In the encoder according to the third embodiment,
the light receiving part 101 of the encoder 100 according to
the first embodiment is modified in another configuration.
Since the computing part 102 is similar to that of the encoder
100, description is omitted. Hereinafter, description will be
made by focusing attention on a configuration of a light
receiving part.

FIG. 11 is a block diagram schematically showing a con-
figuration of a light receiving part 301 which is a configura-
tion example of a light receiving part according to the third
embodiment. Like the light receiving part 101, the light
receiving part 301 reads a pattern of a scale 10, and outputs a
read result as an eight-phase sinusoidal signal. In the light
receiving part 301, regions 310 in which eight light receiving
elements 311 to 318 are arranged are two-dimensionally
arranged.

Widths of the light receiving elements 311 to 318 are /4.
In the region 310, the light receiving elements 311 (o phase),
313 (B phase), 315 (o* phase) and 317 (f* phase) are
arranged in a line 1.31. The light receiving elements 312 (§
phase), 314 (1) phase), 316 (§* phase) and 318 (n* phase) are
arranged in a line .32 adjacent to the line 1.31. However, the
light receiving elements 312 (€ phase), 314 (1) phase), 316 (§*
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phase) and 318 (n* phase) are arranged with the light receiv-
ing elements shifted by [./8 in a width direction.

Inaddition, in FIG. 11, only typical wiring connected to the
light receiving elements is displayed, and display of the other
wiring is omitted.

According to the present configuration as described above,
the encoder for generating two-phase sinusoidal waves from
eight-phase sinusoidal signals like the encoder 100 while
two-dimensionally arranging the light receiving elements can
be implemented.

Fourth Embodiment

Next, an encoder according to a fourth embodiment will be
described. In the encoder according to the fourth embodi-
ment, the light receiving part 201 of the encoder according to
the second embodiment is modified in another configuration.
Hereinafter, description will be made by focusing attention
on a configuration of a light receiving part. FIG. 12 is a block
diagram schematically showing a configuration of a light
receiving part 401 which is a configuration example of a light
receiving part according to the fourth embodiment. In the
light receiving part 401, regions 410 in which eight light
receiving elements 411 to 418 are arranged are two-dimen-
sionally arranged.

Widths of the light receiving elements 411 to 418 are L/4.
In the region 410, the light receiving elements 411 (c phase),
413 (B phase), 415 (o* phase) and 417 (f* phase) are
arranged in a line 1.41. The light receiving elements 412 (§
phase), 414 (v phase), 416 (5* phase) and 418 (n* phase) are
arranged in a line [.42 adjacent to the line L.41. However, the
light receiving elements 412 (€ phase), 414 (1) phase), 416 (5*
phase) and 418 (n* phase) are arranged with the light receiv-
ing elements shifted by [./8 in a width direction.

In other words, arrangement of the light receiving elements
in the region 410 is similar to that of the region 310.

However, heights h1 of the light receiving elements 411 (o
phase), 413 (P phase), 415 (a* phase) and 417 (§* phase) are
larger than heights h2 of the light receiving elements 412 (§
phase), 414 (1 phase), 416 (5* phase) and 418 (n* phase).
Concretely, in the present embodiment, h2/h1=V(V2/2) is
obtained.

In other words, areas S2 of the light receiving elements 412
(€ phase), 414 (1 phase), 416 (5* phase) and 418 (1* phase)
are V2/2 time areas S1 of the light receiving elements 411 (o
phase), 413 (§ phase), 415 (o.* phase) and 417 (§* phase). In
other words, the light receiving part 401 can obtain
S2/S1=v2/2 by changing the heights of the light receiving
elements. Accordingly, even when the light receiving ele-
ments are two-dimensionally arranged, amplitudes of the §
phase, the 1 phase, the £* phase and the * phase can be set
at V2/2 time amplitudes of the o phase, the § phase, the o*
phase and the * phase like the light receiving part 201.

Inaddition, in FIG. 12, only typical wiring connected to the
light receiving elements is displayed, and display of the other
wiring is omitted.

According to the present configuration as described above,
the encoder for generating two-phase sinusoidal waves from
eight-phase sinusoidal signals like the encoder 200 while
two-dimensionally arranging the light receiving elements can
be implemented.

In addition, the light receiving part 401 described above is
illustrative, and the light receiving part can also have another
configuration. FIG. 13 is a block diagram showing a configu-
ration of a light receiving part 401a which is a modified
example of the light receiving part 401. In the light receiving
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part 401a, regions 410qa in which eight light receiving ele-
ments 411a to 418a are arranged are repeatedly arranged.

In the first to third embodiments, the rectangular light
receiving elements are used, but the light receiving elements
411a (a phase), 413a (f phase), 415a (o* phase) and 417a
(p* phase) have shapes other than the rectangle. Heights of
the light receiving elements 411a (. phase), 413a (p phase),
415a (o.* phase) and 417a (f* phase) are hl. Heights of the
light receiving elements 4124 ( phase), 414a (1) phase), 416a
(§* phase) and 4184 (m* phase) are h2. In addition,
h2/h1=V2/2 is obtained. Also, the light receiving elements
411a (a phase), 413a (f phase), 415a (o* phase) and 417a
(p* phase) have bent band shapes, and a width of the band is
L/8. The light receiving elements 412a (& phase), 414a (n
phase), 416a (5* phase) and 418a (n* phase) have rectangles,
and a width of the rectangle is [/4. Accordingly, areas S2 of
the light receiving elements 412a (& phase), 414a (1 phase),
416a (£* phase) and 418a (m* phase) are V2/2 time areas S1
of the light receiving elements 411a (o phase), 413a (§
phase), 415a (o* phase) and 417a (p* phase).

The light receiving element 412a (§ phase) is arranged so
as to be surrounded by the light receiving elements 411a (o
phase) and 4134 ( phase). The light receiving element 414a
(n phase) is arranged so as to be surrounded by the light
receiving elements 413a ( phase) and 4154 (a* phase). The
light receiving element 416a (5* phase) is arranged so as to be
surrounded by the light receiving elements 415a (o* phase)
and 417a (B* phase). The light receiving element 418a (n*
phase) is arranged so as to be surrounded by the light receiv-
ing elements 4174 (B* phase) and 411a (c phase).

According to the present configuration as described above,
a light receiving part having a function similar to that of the
light receiving part 401 can be obtained even when the rect-
angular light receiving elements are not arranged sequen-
tially. Further, the light receiving part 401a has more compli-
cated arrangement of the light receiving elements than the
light receiving part 401, so that even when dirt etc. adhere
locally to the light receiving part, the influence can be
reduced.

Also, the following modifications can be made in the light
receiving part 401a. FIG. 14 is a block diagram showing a
configuration of a light receiving part 4015 which is a modi-
fied example of the light receiving part 401a. In the light
receiving part 4015, regions 4105 in which eight light receiv-
ing elements 4115 to 4185 are arranged by two sets are
repeatedly arranged. The light receiving elements 4115 to
418b respectively correspond to the light receiving elements
411a to 418a of the light receiving part 401a. In the light
receiving part 4015, the light receiving elements 4125 phase)
and 416a (£* phase) are arranged in only a line 1.415 and the
light receiving elements 4145 () phase) and 4186 (* phase)
are arranged in only a line [.4264.

FIG. 15 is a block diagram showing a configuration of a
light receiving part 401¢ which is another modified example
of the light receiving part 401a. In the light receiving part
401c, regions 410¢ in which eight light receiving elements
411c to 418c¢ are arranged are repeatedly arranged. The light
receiving elements 411c¢ to 418¢ respectively correspond to
the light receiving elements 411a to 418a of the light receiv-
ing part 401a. The light receiving part 401¢ has a configura-
tion of vertical mirror inversion of the regions 410c¢ adjacent
vertically.

As described above, even by the light receiving parts 4016
and 401¢, amplitudes of the & phase, the phase, the £* phase
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and the * phase can be set at v2/2 time amplitudes of the o
phase, the § phase, the a* phase and the p* phase.

Fifth Embodiment

Next, an encoder according to a fifth embodiment will be
described. In the fifth embodiment, an aspect of removal of
high-order harmonics in the first to fourth embodiments will
be described in detail. In the embodiments described above,
the example (Formula (3) described above) in which an
N-phase sinusoidal wave includes a fundamental wave and
third-order harmonics is described, but the N-phase sinusoi-
dal wave can be generalized in a format including harmonics
of'any order. The N-phase sinusoidal wave including harmon-
ics to an hth order (h is a positive integer) can be expressed by
the following Formula (20). In addition, C,, is an amplitude of
an nth-order wave, and 0,, is an initial phase of the nth-order
wave.

[Mathematical Formula 9]
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In the encoder for outputting the N-phase sinusoidal wave
at this time, Lissajous’ curves z,,are expressed by the follow-
ing Formula (21) in a complex plane like Formula (4).

[Mathematical Formula 10]
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An A phase and a B phase derived from the Lissajous’
curves z,, are expressed by the following Formula (22) like
Formula (5).

[Mathematical Formula 11]
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The case (h=10) where the N-phase sinusoidal wave
includes harmonics to a tenth order will be examined under
the definition described above. First, the case where a five-
phase sinusoidal wave (N=5) includes harmonics to the tenth
order will be described. In this case, an A phase and a B phase
are expressed by the following Formula (23) from Formula

o).
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[Mathematical Formula 12]
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2 L 2 L
5 Cosi 12nx 5 . (18nx
3 GSID(T +06] + ECQSH‘(T +09]
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In this case, it can be understood that second-order, third-
order, fifth-order, seventh-order, eighth-order and tenth-order
harmonics of the second-order to tenth-order harmonics are
removed as shown in Formula (23).

Next, the case where an eight-phase sinusoidal wave (N=8)
includes harmonics to the tenth order will be described. In this
case, an A phase and a B phase are expressed by the following
Formula (24) from Formula (5).

[Mathematical Formula 13]

. (2nx . (l4nx . (18nx 24)
A= 4C151n(T + 01] +4C7sm(T + 07] +4Cosi - + 09]

8nx
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2rx 14nx
B= —4C1005(T + 01) +4C7cos( T + + 09)

In this case, it can be understood that second-order, third-
order, fourth-order, fifth-order, sixth-order, eighth-order and
tenth-order harmonics of the second-order to tenth-order har-
monics are removed as shown in Formula (24).

Next, the case where a twelve-phase sinusoidal wave
(N=12) includes harmonics to the tenth order will be
described. Inthis case, an A phase and a B phase are expressed
by the following Formula (25) from Formula (5).

[Mathematical Formula 14]
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In this case, it can be understood that second-order, third-
order, fourth-order, fifth-order, sixth-order, seventh-order,
eighth-order, ninth-order and tenth-order harmonics of the
second-order to tenth-order harmonics are removed as shown
in Formula (25).

In the present embodiment as described above, in the
N-phase sinusoidal wave including harmonics to the hth
order, the high-order harmonics other than (axNzx1)-th har-
monics can be removed (where a is a positive integer). Hence,
the number of orders of harmonics removable can be
increased by setting more phases with respect to a fundamen-
tal wave. Also, as can be seen from the case where a twelve-
phase sinusoidal wave (N=12) includes harmonics to the
tenth order (h=10, N=12), all the harmonics can be removed
by setting phases (N=12) at least two more than the highest
order (for example, the tenth order) of the harmonics which
want to be removed.

Other Embodiment

In addition, the invention is not limited to the embodiments
described above, and can properly be changed without
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departing from the gist. For example, in the embodiments
described above, the linear encoder is described, but the
encoder can properly be constructed as other kinds of encoder
such as a rotary encoder.

Inthe embodiments described above, the optical encoder is
described, but the encoder can naturally be constructed as an
encoder of an electrostatic type or an electromagnetic induc-
tion type.

In the fourth embodiment, the case of the light receiving
elements with different areas is described, but respective
areas of light receiving elements arranged in regions are
equalized and the light receiving elements can also be com-
bined with the computing part 102.

What is claimed is:

1. An encoder comprising:

a detector configured to read a signal from a scale and
output N-phase sinusoidal signals in which respective
phases of fundamental waves differ by 2a/N (N is an
integer more than or equal to 5); and

a computing part configured to output a two-phase sinu-
soidal signal including an A phase and a B phase accord-
ing to each of the N-phase sinusoidal signals, wherein

the A phase and the B phase are expressed by the following
Formula (I) in the case where m is an integer more than
or equal to 0 and less than or equal to N-1, and i is an
imaginary unit, and S,_ +-1s a sinusoidal signal of the
mth phase of the N-phase sinusoidal wave,

ey
A=Re

’\i 2rn-m
S27r-m/N exp(i ]
m=0 N

B =Im|

5

N-1 gem
3 Swmnen(iy
=0

a sinusoidal signal S, ,,»,0f the mth phase of the N-phase
sinusoidal wave is expressed by the following Formula
(IT) in the case where an amplitude of an nth-order wave
(n is an integer more than or equal to 1 and less than or
equal to N) included in the N-phase sinusoidal signal is
C,,, and the highest order of high-order harmonics is h (h
is a positive integer), and a distance corresponding to a
repeat period of the scale is L, and an initial phase of the
nth-order wave is 0,,, and noise is D,

uy

L C(2nn-x 2nm-m
Spamn = ), Cosin 275

+0n] +D;
L N

n=1

N>h+2 is satisfied in the Formula (II);

the N-phase sinusoidal signal is an eight-phase sinusoidal
signal including first to eighth sinusoidal signals;

the second to eighth sinusoidal signals respectively corre-
spond to the cases of m=0 to 7; and

the computing part comprises:

afirst subtractor configured to output a signal in which a
second signal is subtracted from a first signal;

a second subtractor configured to output a signal in
which the second signal is subtracted from a third
signal;

a third subtractor configured to output a signal in which
a fourth signal is subtracted from the third signal;

afourth subtractor configured to output a signal in which
the fourth signal is subtracted from the first signal;

a first adder configured to add the first sinusoidal signal
to an output signal of the first subtractor;
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a second adder configured to add the third sinusoidal
signal to an output signal of the second subtractor;

athird adder configured to add the fifth sinusoidal signal
to an output signal of the third subtractor;

a fourth adder configured to add the seventh sinusoidal
signal to an output signal of the fourth subtractor;

a fifth subtractor configured to output a signal in which
an output signal of the third adder is subtracted from
an output signal of the first adder as the A phase; and

a sixth subtractor configured to output a signal in which
an output signal of the fourth adder is subtracted from
an output signal of the second adder as the B phase.

2. The encoder according to claim 1, wherein:

an amplitude of each of the first to eighth sinusoidal signals
is the same;

the first signal is a signal in which the second sinusoidal
signal is multiplied by v2/2;

the second signal is a signal in which the fourth sinusoidal
signal is multiplied by V2/2;

the third signal is a signal in which the sixth sinusoidal
signal is multiplied by v2/2; and

the fourth signal is a signal in which the eighth sinusoidal
signal is multiplied by v2/2.

3. The encoder according to claim 2, wherein

the computing part further comprises:

afirstamplifier configured to output a signal in which the
second sinusoidal signal is multiplied by V2/2 as the
first signal;

a second amplifier configured to output a signal in which
the fourth sinusoidal signal is multiplied by V2/2 as
the second signal;

a third amplifier configured to output a signal in which
the sixth sinusoidal signal is multiplied by v2/2 as the
third signal; and

a fourth amplifier configured to output a signal in which
the eighth sinusoidal signal is multiplied by V2/2 as
the fourth signal.

4. The encoder according to claim 1, wherein:

amplitudes of the second, fourth, sixth and eighth sinusoi-
dal signals are V2/2 time amplitudes of the first, third,
fifth and seventh sinusoidal signals;

the first signal is the second sinusoidal signal;

the second signal is the fourth sinusoidal signal;

the third signal is the sixth sinusoidal signal; and

the fourth signal is the eighth sinusoidal signal.

5. The encoder according to claim 2, wherein:

the detector comprises one or plural detection regions in
which a length in a first direction which is a direction of
movement of the detector is equal to a length of one
period of the scale; and

the detection region includes first to eighth detecting ele-
ments configured to respectively output the first to
eighth sinusoidal signals according to a signal from the
scale.

6. The encoder according to claim 5, wherein:

the first to eighth detecting elements respectively output
the first to eighth sinusoidal signals having amplitudes
according to areas of the first to eighth detecting ele-
ments; and

the first to eighth detecting elements have the same area.

7. The encoder according to claim 6, wherein

the first to eighth detecting elements have the same rectan-
gular shape.

8. The encoder according to claim 5, wherein

the first to eighth detecting elements are arranged in the
first direction.
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9. The encoder according to claim 8, wherein

the detection region includes a first line in which the first,
third, fifth and seventh detecting elements are arranged
in the first direction, and a second line in which the
second, fourth, sixth and eighth detecting elements are
arranged in the first direction, the second line adjacent to
the first line in a second direction orthogonal to the first
direction; and

the first line and the second line are arranged with the first
line shifted from the second line by % the width of each
of the first to eighth detecting elements in the first direc-
tion.

10. The encoder according to claim 4, wherein:

the detector includes one or plural detection regions in
which a length in a first direction which is a direction of
movement of the detector is equal to a length of one
period of the scale; and

the detection region includes first to eighth detecting ele-
ments configured to respectively output the first to
eighth sinusoidal signals according to a signal from the
scale.

11. The encoder according to claim 10, wherein:

the first to eighth detecting elements respectively output
the first to eighth sinusoidal signals having amplitudes
according to areas of the first to eighth detecting ele-
ments; and

the areas of the second, fourth, sixth and eighth detecting
elements are V2/2 time the areas of the first, third, fifth
and seventh detecting elements.

12. The encoder according to claim 11, wherein

the first to eighth detecting elements are arranged in the
first direction.

13. The encoder according to claim 12, wherein:

widths of the second, fourth, sixth and eighth detecting
elements in the first direction are v2/2 time widths of the
first, third, fifth and seventh detecting elements in the
first direction; and

heights of the first to eighth detecting elements in a second
direction orthogonal to the first direction are equal.

14. The encoder according to claim 12, wherein:

heights of the second, fourth, sixth and eighth detecting
elements in a second direction orthogonal to the first
direction are v2/2 time heights of the first, third, fifth and
seventh detecting elements in the second direction; and

widths of the first to eighth detecting elements in the first
direction are equal.

15. The encoder according to claim 14, wherein:

the detection region includes a first line in which the first,
third, fifth and seventh detecting elements are arranged
in the first direction, and a second line in which the
second, fourth, sixth and eighth detecting elements are
arranged in the first direction, the second line adjacent to
the first line in the second direction; and

the first line and the second line are arranged with the first
line shifted from the second line by % the width of each
of the first to eighth detecting elements in the first direc-
tion.

16. The encoder according to claim 5, wherein

the first to eighth detecting elements are light receiving
elements configured to output signals in which light
reflected by the scale is photoelectrically converted as
the first to eighth sinusoidal signals, respectively.

17. The encoder according to claim 5, wherein

the first to eighth detecting elements output the first to
eighth sinusoidal signals by an electrostatic capacitance
method or an electromagnetic induction method, respec-
tively.



